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Background/aim: There are limited studies on genotyping and phylogenetic analysis of norovirus in Turkey, and this has not previously
been studied in the Eastern Anatolia region. The aim of the present study was to determine the norovirus profile in this region with
genotyping and phylogenetic analysis.
Materials and methods: Included in the study were stool samples obtained from 427 people from different age groups in Eastern
Anatolia. The nucleic acid samples isolated by the automatic system and nucleic acid sequence reactions and phylogenetic analyses were
performed on RNA samples.
Results: The presence of norovirus was detected in 86 (20.1%) of the 427 stool samples by RT-PCR analysis. Twenty-six samples selected
randomly from norovirus-RNA positive samples were subjected to the sequence reaction. In 24 of the 26 samples, genogroup GII was
determined, as well as one each from GI and GIV in sequence reactions. Four different genotypes were detected in genogroup GII,
which were determined to be the dominant types. These were GII.1, GII.4, GII.16, and GII.21. The GI.6 and GIV.1 genotypes were
determined in genogroups GI and GIV, respectively.
Conclusion: The high frequency and genetic diversity of these infections are risk factors for disease and so vaccine studies should be
undertaken in consideration of this situation.
Key words: Genotype, norovirus, molecular epidemiology, viral gastroenteritis, Turkey

1. Introduction
Noroviruses have a privileged position compared to other
viral gastroenteritis agents transmitted via the fecal–oral
route since they infect people of all ages (1). Compared
to other microbes causing diarrhea, noroviruses are the
most common cause in both adults and children in areas
where universal rotavirus vaccination has been introduced
(2–6). The human reservoir for noroviruses is large, with
multiple transmission routes such as person-to-person
contact, waterborne, food-borne, and airborne droplets.
Noroviruses are contagious at a relatively low 50% infective
dose (7) and highly resistant to inactivation by freezing,
heating, and detergent-based cleaning (8,9). Knowledge of
the extent of norovirus infections as a cause of diarrhea
is important for establishing prevention and treatment
profiles.
The norovirus virion, which is a nonenveloped
and single-chain RNA virus with positive polarity, is
approximately 30 nm in diameter. Norovirus is one of
the five genera of the family Caliciviridae (10). The other
genera in this family are Lagovirus, Nebovirus, Sapovirus,
* Correspondence: osaktas@atauni.edu.tr

960

and Vesivirus. Norovirus, which affects both human
and nonhuman species, is divided into six different
genogroups based on the determined sequences of their
RNA-dependent RNA polymerase (RdRp) and/or major
capsid protein (VP1) genes: I, II, III, IV, V, and VI (11).
GI, GII, and GIV types in these genogroups have been
identified in humans (12). The GI genogroup is detected
in humans only; GII in humans and porcines; GIII in
cattle; GIV in humans, cats, and dogs; GV in murines; and
GVI in dogs (13). Transmission between different animal
species was also reported but there are some studies
referring to zoonotic transfer of GII.4-like norovirus
strains to the human population from either a swine or
bovine source (14) and GIV.2 strains from a dog source
(15). At least 40 genotypes of human noroviruses have
been identified (16), the majority of them in recent years
(17). The most identified genogroup in the world is GII,
specifically genotype GII.4 (18). GI is divided into nine
genotypes, GII into 22, and GIV into two, based on
complete capsid gene sequences (19). Sequencing methods
provide the possibility of identifying new genotypes of

TİMURKAN et al. / Turk J Med Sci
pathogenic agents including viruses and sequencing of the
RNA-dependent RNA polymerase gene region has good
detection performance (16,17).
A recent publication described human norovirus
replication in cell culture, although in a very crude and
insensitive system. However, it is a start (20). Noroviruses
were responsible for 42% of food-borne infections in the
United States in 2009 and 2010 (21). There are limited
numbers of studies on norovirus gastroenteritis conducted
in Turkey (22–24).
In the present study, the regional profile of norovirus
is intended to reveal the molecular characterization and
phylogenetic analysis of norovirus in patients among
various age groups admitted to hospital with complaints of
gastroenteritis in Erzurum, Turkey.
2. Materials and methods
2.1. Study population and specimens
This molecular study was approved by the Ethics
Committee of Atatürk University School of Medicine
(date/protocol number: 12.11.2012/133) and supported
by Atatürk University Scientific Research Projects
Coordination (project number: 2012/361) in Erzurum,
Turkey. Stool specimens from 427 patients, including 262
males and 165 females, were investigated. The specimens
were obtained from patients admitted in 2012 and 2013
with complaints of gastroenteritis (including diarrhea,
vomiting, nausea, and stomach upset) to the Faculty of
Medicine Research Hospital and to Erzurum Regional
Training and Research Hospital, representing the most
patient potential in East Anatolia.
2.2. RNA extraction
Ribonucleic acid (RNA) isolation from stool specimens
was performed using the QIAsymphony SP extraction
device (Qiagen, Germany) and the QIAsymphony DSP
Virus/Pathogen Midi Kit (Qiagen, Germany). The isolation
process was performed according to the manufacturer’s
instructions, and 85 μL homogenate of nucleic acid was
finally obtained.
2.3. Reverse transcription and PCR
Extracted RNA samples were converted into
complementary DNA (cDNA) by reverse transcription
(RT) before the PCR procedure. The RT process used a
First Strand cDNA Synthesis kit (Thermo Fisher Scientific,
USA) and the reaction was carried out as stipulated by the
manufacturer. For the PCR process, Taq DNA polymerase
(Thermo Fisher Scientific, USA) and primer pairs JV12/
JV13, defined by Vinje and Koopmans (25), were used. The
PCR reaction was also carried out according to method
described by Vinje and Koopmans (25). Briefly, 5 μL of
cDNA, 25 μL of 2X Thermo-Start PCR Master Mix, 1 μL of
forward primer (10 pmol/μL), 1 μL of reverse primer (10
pmol/μL), and 18 μL of nuclease-free water were added to

the test tube and the tube was placed into a thermal cycler
for the PCR cycles. Samples were denatured for 3 min at 94
°C and subjected to 40 cycles at 94 °C for 1 min, 37 °C for 1
min 30 s, and 74 °C for 1 min. Agarose gel electrophoresis
was performed and amplicons with a length of 327 bp were
considered positive for norovirus.
2.4. PCR clean-up and sequence analysis
Clean-up of the amplicons obtained after PCR was
performed with a QIAquick PCR Purification Kit (Qiagen)
according to the manufacturer’s recommendations. We
had sequence reactions of the purified PCR amplicons
done by a commercial company (Pendik Veterinary
Control Institute, İstanbul, Turkey).
PCR products were sequenced with Sanger sequencing
methods, briefly the BigDye Terminator v3.1 Cycle
Sequencing kit (Applied Biosystems, USA) on ABI 3110xl
DNA analyzer (Applied Biosystems, USA), and sequenced
at least twice in both directions. Sequencing was done with
both forward (JV12 (ATACCACTATGATGCAGATTA)
and reverse (JV13-TCATCATCACCATAGAAAGAG)
primers. Amplicon length was 4549–4875st nucleotide
(Accession number: KF306212) by 327 base pairs.
Raw data received in dendrogram-based form were
reorganized and transferred to the MEGA 5.1 program
for phylogenetic analysis (26). Phylogenetic analysis was
performed according to the partial nucleotide sequence
of the RNA-dependent RNA polymerase gene. The
phylogenetic map was constructed by comparing the gene
sequences of our strains with the gene sequences of strains
previously entered into the GenBank database (http://
www.ncbi.nlm.nih.gov/genbank/). In order to determine
the alignment and degree of similarity among sequences at
the nucleotide and amino acid levels in the strains, BioEdit
version 7.2.5 software was used (27).
3. Results
The presence of norovirus was detected in 86 (20.1%) of
the 427 stool samples included in the study by RT-PCR
analysis. Twenty-six specimens, selected randomly from
those exhibiting a good band in agarose gel electrophoresis
of PCR products of 327 bp length, were subjected to
sequencing. All norovirus genogroups infecting humans
(GI, GII, and GIV) were found in the phylogenetic
analysis of our region. In 24 of 26 samples, genogroup
GII was identified, along with one each from GI and GIV
in the sequence reactions. Four different genotypes were
detected in genogroup GII, determined as the dominant
type. These were GII.1, GII.4, GII.16, and GII.21. The GI.6
and GIV.1 genotypes were determined in genogroups GI
and GIV, respectively (Table).
Phylogenetic analysis was performed to evaluate the
genetic relationships between norovirus-positive samples
that had a 327 bp sequence and 33 published reference
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Table. Distribution of norovirus genotypes in 26 specimens.
Genotypes

n

GII.1

8

GII.4

6

GII.16

1

GII.21

9

GI.6

1

GIV.1

1

Total

26

strains (Figure). Since we had only one strain in the GI
genogroup (GI/Hu/TR/2013/GI.6/Erzurum384), we
compared this strain within the GI genogroups. In this
comparison, the identities at the nucleotide level the
farthest from the GI.7 genotypes (69.4%) and the closest
to its own group of GI.6 genotypes (97.0%) were identified.
The amino acid sequence similarities of this group were
found to be 77.5% and 97.5% at the lowest and the highest
values in the GI.7 and GI.6 groups, respectively. The
GIV.1 genotype (GIV/Hu/TR/2013/GIV.1/Erzurum427),
identified as only one strain in our study, was compared
with the GIV.1 and GIV.2 strains, identified as limited to
the GIV genogroup. This strain showed a similarity of
90.3%–68.6% with these strains for nucleotide sequences
and 97.5%–67.5% for amino acid sequences. In our
study, within the GII genogroup, identified as dominant
in Turkey as well as the rest of the world, four different
GII genotypes have been identified. Eight GII.1 strains
from our study showed a similarity of 94.9%–98.7% with
the GII.1/JN797508 strain from GenBank for partial
sequences of RdRp. Moreover, the similarity rate of GII.1
strains among themselves was determined to be 95.3%–
100%. The similarities of these strains with the GenBank
strains were found to be 90.0%–100% for amino acid
sequences and 90.0%–100% among themselves.
The nucleotide similarity ratios of our GII.4 strains
to the KF738705 GenBank strain were 94.1%–95.8%
and 95.8%–100% among themselves. These ratios were
95.0%–96.2% and 98.7%–100% for amino acid sequence
similarities, respectively. In addition, similarities for
nucleotide sequences identified within the same genotype
in a study previously conducted in Turkey by Altindis et al.
(22) and our strains were 96.2%–97.9%, and 97.5%–98.7%
for amino acid sequences, respectively. The GII.16 genotype,
detected in our region as a single strain (GII/Hu/TR/2013/
GII.16/Erzurum424), was similar to the GII.16/KJ145841
GenBank strain at 85.7% for nucleotide sequences and
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90.0% for amino acid sequences. In addition, the GII.21
genotypes detected in the present study were similar to the
JN899245 GenBank strain at 93.3%–94.5% for nucleotide
sequences and 96.6%–100% among themselves. These
ratios were 96.2%–98.7% and 96.2%–100% for amino
acid sequence similarities, respectively. The similarity for
nucleotide sequences identified within the same genotype
in a study previously conducted in Turkey by Ozkul et
al. (23) and our strains were 94.5%–95.8% for nucleotide
sequences and 97.5%–100% for amino acid sequences.
Sequences have been deposited in GenBank under
accession numbers KT444636-KT444661.
4. Discussion
Noroviruses are important pathogens in humans, causing
epidemics and sporadic gastroenteritis in both children
and adults, and can also affect nonhuman species (13). It
is reported that more than 260 million cases of norovirus
occur every year (28). There are limited numbers of studies
that report cases of norovirus in Turkey, and there is no
study revealing the molecular diversity of noroviruses
in the Eastern Anatolia region. The present study was
intended to clarify both the presence/frequency and the
genotype distribution of human noroviruses in this region.
ELISA, RT-PCR, real-time RT-PCR, and sequenced
reactions, together with phylogenetic analysis tests, are
used for the purpose of diagnosing noroviruses. The
sequencing reaction method, which is accurate and reliable,
has emerged as an effective method for determining both
the type and the profile of the virus, and has been preferred
in recent years (29). This analysis method was used in
the present study, which is the first report on norovirus
genotypes in our region.
Noroviruses are divided into six genogroups (GI–GVI)
and human strains are grouped into GI, GII, and GIV
(12,30). Noroviruses are indirectly transmitted to humans
from contaminated food and water sources and can also
be transmitted directly from person to person (31,32).
GII noroviruses, especially the GII.4 strains, are the
predominant cause of gastroenteritis, both in outbreaks
and in sporadic cases worldwide (30). The prevalence
and outbreak activity of the GI genogroup, which is the
second most predominant genogroup, are limited (33),
and reports of GIV around the world are also rare (34).
Noroviruses are a significant problem in both the
American continent and Europe, and continue to be
circulated despite all precautions. Between 2009 and
2013, reports of 3960 outbreaks caused by norovirus were
entered into the Calicinet database for the American
continent (35) and it was reported that the same agent
caused two out of seven outbreaks during the same years
in Argentina (36). Norovirus outbreaks in Europe have an
important place epidemiologically. In the Netherlands (37)
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GII/Hu/TR/2012/GII.1/Erzurum357
GII/Hu/TR/2012/GII.1/Erzurum365
GII/Hu/TR/2012/GII.1/Erzurum350

69

GII/Hu/TR/2012/GII.1/Erzurum263
GII/Hu/TR/2012/GII.1/Erzurum22

49
87

GII.1

GII/Hu/TR/2012/GII.1/Erzurum31

99
42

GII/Hu/TR/2012/GII.1/Erzurum52

GII/Hu/TR/2012/GII.1/Erzurum399

99

GII.1/JN797508
GII.12/HQ664990

63

85 GII.g/KJ145834
GII.13/KJ196276
37

GII.17/KC597139

28

GII.e/JN197579
GII/Hu/TR/2012/GII.4/Erzurum46

21

GII.4/KF738705

100

53

GII/Hu/TR/2012/GII.4/Erzurum12

49

GII/Hu/TR/2012/GII.4/Erzurum244

46

GII/Hu/TR/2012/GII.4/Erzurum389

GII.4

GII/Hu/TR/2012/GII.4/Erzurum390
5
GII/Hu/TR/2012/GII.4/Erzurum69
5
12 GQ253113/Hu/Afyon/79/2007/TR

GII

GII.21/JN899245
KF387615/Hu/GII/IST-CS107/2008/TR

99

58

GII/Hu/TR/2012/GII.21/Erzurum19

79

GII/Hu/TR/2012/GII.21/Erzurum87

78

GII/Hu/TR/2012/GII.21/Erzurum30

54
43

60

GII/Hu/TR/2012/GII.21/Erzurum34

GII.21

GII/Hu/TR/2012/GII.21/Erzurum97
GII/Hu/TR/2012/GII.21/Erzurum115
GII/Hu/TR/2012/GII.21/Erzurum121
GII/Hu/TR/2012/GII.21/Erzurum106
GII/Hu/TR/2012/GII.21/Erzurum392
GII.2/KC017778

47

GII.3/U02030
25

GII.16/KJ145841

46

99

GII/Hu/TR/2012/GII.16/Erzurum424

GII.16

GII.22/AB083780

58

GII.18/AY823304
GII.11/EU448323

62

99

GII.19/AY823306
GII.6/JX989075

98

GII.7/KJ420373
69

GII.14/GU017903
GIV.1/JX536251

100

49

GIV/Hu/TR/2012/GIV.1/Erzurum427

GIV.1

GIV

GIV.2/JF781268

66
55

100

GI.6/KF475919
GI/Hu/TR/2012/GI.6/Erzurum384

GI.5/JN241965

GI

GI.1/KF039736

98

85
82

GI.9/KF586507
GI.7/KC119513
GI.8/GU299761

87

GI.3/KC119510
GV/JN975491

43

GI.6

GI.2/EU085488
GI.4/KJ420357

67

48

88

GIII/EU794903

GV
GIII

0.05

Figure. Phylogenetic tree of norovirus strains from Erzurum. Phylogenetic tree analyses were inferred using MEGA version 5.1,
distances were calculated by Kimura’s 2-parameter method and a phylogenetic tree was plotted by the neighbor-joining method based
on a partial RNA-dependent RNA polymerase (RdRp) coding region (327 nt) of 26 novel norovirus strains detected during the study
in Erzurum and from human reference strains in GenBank. Turkish GII strains are the round (●) shapes, Turkish GI strains are
square () shapes and Turkish GIV strains are represented by diamond (♦) shapes. The scale bar represents the phylogenetic distance
expressed as expected nucleotide substitutions per site. Bootstrap values (1000 replicates) are shown. Reference strains were selected
from GenBank and the accession number and genotype are indicated. Accession numbers in GenBank: KF039736 (GI.1), EU085488
(GI.2), KC119510 (GI.3), KJ420357 (GI.4), JN241965 (GI.5), KF475919 (GI.6), KC119513 (GI.7), GU299761 (GI.8), KF586507 (GI.9),
JN797508 (GII.1), KC017778 (GII.2), U02030 (GII.3), KF738705 (GII.4), JX989075 (GII.6), KJ420373 (GII.7), EU448323 (GII.11),
HQ664990 (GII.12), KJ196276 (GII.13), GU017903 (GII.14), KJ145841 (GII.16), KC597139 (GII.17), AY823304 (GII.18), AY823306
(GII.19), JN899245 (GII.21), AB083780 (GII.22), JN197579 (GII.e), KJ145834 (GII.g), EU794903 (GIII), JX536251 (GIV.1), JF781268
(GIV.2), JN975491 (GV) and for the reference strains are available upon request. In this study, the strain’s name designation is our
laboratory sample number.
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between 1994 and 2005, norovirus was identified in 78.1%
of stool specimens. A similar situation was demonstrated
in studies conducted in Hungary (38), Spain (39), and
Germany (40). In our study, this rate was 20.1%. Although
noroviruses can cause gastroenteritis in all age groups,
the course of this infection in childhood is more serious
than in adults due to the insufficient development of the
immune system in young children. In various studies
on the relationship between age and genotype, evidence
of such a relationship has not been detected. However,
GII.4 genotype dominance worldwide in all age groups is
noteworthy. In contrast to the predominance of genotype
GII.4 norovirus all over the world, GII.21 (37.5%) and
GII.1 (33.3%) were the dominant genotypes in our study.
In addition, the GI.6 and GIV.1 genotypes are rarely
reported in studies. This situation raises questions about
transmission occurring due to human–animal contact.
The determination in our study of genogroup GIV, which
included dog–human transmission, suggests that the
increased pet-breeding habits of humans could cause this
condition. Furthermore, determined as single-strain, the
GI.6 genotype is a group resulting from the human–pig
relationship, and the absence of pig farming and pork
consumption in Eastern Anatolia was evaluated a factor
to be investigated for this region. This situation suggests
that relations between wildlife and humans may cause
such transmissions. Detecting the presence of a zoonotic
infection requires taking a good anamnesis of the patient
and questioning the history of children’s parents, as well
as undertaking complete virus genome studies. Indeed,
norovirus infections are not yet accepted as zoonotic (41)
and it should be investigated in detailed future studies to
determine whether they have such potential.
In Turkey, there are limited numbers of studies on the
molecular epidemiology of noroviruses. A study conducted
in 2008 and 2009 in İstanbul, Turkey’s most populous
province, identified only the GII genogroup and its GII.4,
GII.16, GII.b, and GII.e clusters. Ozkul et al. reported that
the dominant type was GII.4 and argued that systematic
surveillance should be performed (23). In 2006 and 2007,
Altındiş et al., in a province of Central Anatolia, identified
GII.b as the predominant genotype, and also detected the
genotypes GII.4 and GII.6 (22). A study conducted to
determine the distribution and molecular characteristics
of enteric viruses in children with diarrhea in Turkey and
Bangladesh determined the GI.1 and GII.4 genotypes in
Turkish children (24).
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In the present study, the alignment and degree
of similarity among sequences at the nucleotide and
amino acid levels between our strains and the reference
strains obtained from GenBank were demonstrated.
It is possible to detect a proximity of 90% or higher in
general in the PCR, sequencing reactions, and molecular
characterization studies when targeting the RdRp gene
region of the viruses. We evaluated the correlation between
our findings on this analysis and other studies’ findings
and found proportional similarities. The alignments of the
GI.6 and GIV.1 genotypes were determined but we could
not discuss the degree of similarity of the strains because
of limited studies. The worldwide-dominant genogroup,
GII, has also been reported previously in this country.
These strains were not very similar, although they were
close to each other in terms of nucleotide and amino acid
sequences.
The present study is the first analysis of norovirus
genotypes in the province of Erzurum and the Eastern
Anatolia region in Turkey; norovirus GII has been
identified as the most frequent genogroup responsible for
gastroenteritis in this area. Contrary to expectations based
on studies done previously in this country and around
the world, genotypes GII.21 and GII.1 were identified as
predominant. In addition, the identification in our study
of the GI and GIV genogroups, which are rarely seen in
humans, suggests the possibility of zoonotic transmission,
a discussion that will continue around the world.
Considering the unusual diversity of norovirus genotypes
in this study, it is necessary that regional and territorial
norovirus surveillance studies be performed periodically.
In addition, considering that norovirus gastroenteritis
was identified in second place after rotavirus diarrhea in
a project involving this region (data not shown), there is a
need for the selection of a reference test for noroviruses, as
well as future vaccine studies.
The obtained data showed that norovirus infections,
reported many times previously in Turkey, are endemic.
This study is the first report on Eastern Anatolia about
the diversity of norovirus genotypes, in addition to
previous reports for the Central Anatolia, Aegean, and
Marmara regions. This study has shown that the Eastern
Anatolia region should be included in surveillance studies
conducted in Turkey. In addition, it is thought that it will
be beneficial to create a bank of virus strains obtained from
further molecular epidemiological studies for national
vaccine development, with this region’s strains compared
to the strains found worldwide.

TİMURKAN et al. / Turk J Med Sci
References
1.

Patel MM, Hall AJ, Vinjé J, Parashar UD. Noroviruses: a
comprehensive review. J Clin Virol 2009; 44: 1-8.

2.

Ahmed SF, Klena JD, Mostafa M, Dogantemur J, Middleton
T, Hanson J, Sebeny PJ. Viral gastroenteritis associated with
genogroup II norovirus among U.S. military personnel in
Turkey, 2009. PloS One 2012; 7: e35791

3.

4.

Koo HL, Neill FH, Estes MK, Munoz FM, Cameron A, Dupont
HL, Atmar RL. Noroviruses: the most common pediatric viral
enteric pathogen at a large university hospital after introduction
of rotavirus vaccination. J Pediatric Infect Dis Soc 2013; 2: 5760.
Payne DC, Vinjé J, Szilagyi PG, Edwards KM, Staat MA,
Weinberg GA, Hall CB, Chappell J, Bernstein DI, Curns AT
et al. Norovirus and medically attended gastroenteritis in U.S.
children. N Engl J Med 2013; 368: 1121-1130.

5.

Bucardo F, Reyes Y, Svensson L, Nordgren J. Predominance of
norovirus and sapovirus in Nicaragua after implementation of
universal rotavirus vaccination. PLoS One 2014; 9: e98201.

6.

Hemming M, Räsänen S, Huhti L, Paloniemi M, Salminen
M, Vesikari T. Major reduction of rotavirus, but not
norovirus, gastroenteritis in children seen in hospital after
the introduction of RotaTeq vaccine into the National
Immunization Programme in Finland. Eur J Pediatr 2013; 172:
739-746.

7.

Atmar RL, Opekun AR, Gilger MA, Estes MK, Crawford
SE, Neill FH, Ramani S, Hill H, Ferreira J, Graham DY.
Determination of the 50% human infectious dose for Norwalk
virus. J Infect Dis 2014; 209: 1016-1022.

15.

Martella V, Lorusso E, Decaro N, Elia G, Radogna A,
D’Abramo M, Desario C, Cavalli A, Corrente M, Camero M
et al. Detection and molecular characterization of a canine
norovirus. Emerg Infect Dis 2008; 14: 1306-1308.

16.

Verhoef L, Vennema H, van Pelt W, Lees D, Boshuizen H,
Henshilwood K, Koopmans M; Food-Borne Viruses in Europe
Network. Use of norovirus genotype profiles to differentiate
origins of foodborne outbreaks. Emerg Infect Dis 2010; 16:
617-624.

17.

Kroneman A, Vega E, Vennema H, Vinjé J, White PA, Hansman
G, Green K, Martella V, Katayama K, Koopmans M. Proposal
for a unified norovirus nomenclature and genotyping. Arch
Virol 2013; 158: 2059-2068.

18.

Siebenga JJ, Vennema H, Zheng DP, Vinjé J, Lee BE, Pang XL,
Ho EC, Lim W, Choudekar A, Broor S et al. Norovirus illness
is a global problem: emergence and spread of norovirus GII.4
variants, 2001-2007. J Infect Dis 2009; 200: 802-812.

19.

Mans J, Murray TY, Taylor MB. Novel norovirus recombinants
detected in South Africa. Virol J 2014; 11: 168.

20.

El-Senousy WM1, Costafreda MI, Pintó RM, Bosch A. Method
validation for norovirus detection in naturally contaminated
irrigation water and fresh produce. Int J Food Microbiol 2013;
167: 74-79.

21.

Centers for Disease Control and Prevention (CDC).
Surveillance for foodborne disease outbreaks - United States,
2009-2010. MMWR Morb Mortal Wkly Rep 2013; 62: 41-47.

22.

Altındis M, Banyai K, Kalaycı R, Gulamber C, Koken R,
Yoldas Y, Aykurt P, Martella V. Frequency of norovirus in stool
samples from hospitalized children due to acute gastroenteritis
in Anatolia, Turkey, 2006-2007. Scand J Infect Dis 2009; 41:
685-688.

8.

Thornton AC, Jennings-Conklin KS, McCormick M.
Noroviruses: agents in outbreaks of acute gastroenteritis.
Disaster Manag Response 2004; 2: 4-9.

9.

Schorn R, Höhne M, Meerbach A, Bossart W, Wüthrich RP,
Schreier E, Müller NJ, Fehr T. Chronic norovirus infection
after kidney transplantation: molecular evidence for immunedriven viral evolution. Clin Infect Dis 2010; 51: 307-314.

23.

Ozkul AA, Kocazeybek BS, Turan N, Reuter G, Bostan K,
Yilmaz A, Altan E, Uyunmaz G, Karaköse AR, Muratoglu K et
al. Frequency and phylogeny of norovirus in diarrheic children
in Istanbul, Turkey. J Clin Virol 2011; 51: 160-164.

10.

Kroneman A, Vennema H, Deforche K, v d Avoort H,
Peñaranda S, Oberste MS, Vinjé J, Koopmans M. An automated
genotyping tool for enteroviruses and noroviruses. J Clin Virol
2011; 51: 121-125.

24.

11.

Vongpunsawad S, Venkataram Prasad BV, Estes MK. Norwalk
virus minor capsid protein VP2 associates within the VP1 shell
domain. J Virol 2013; 87: 4818-4825.

Mitui MT, Bozdayi G, Ahmed S, Matsumoto T, Nishizono
A, Ahmed K. Detection and molecular characterization of
diarrhea causing viruses in single and mixed infections in
children: a comparative study between Bangladesh and Turkey.
J Med Virol 2014; 86: 1159-1168.

25.

Wang YH, Zhou DJ, Zhou X, Yang T, Ghosh S, Pang BB, Peng
JS, Liu MQ, Hu Q, Kobayashi N. Molecular epidemiology of
noroviruses in children and adults with acute gastroenteritis in
Wuhan, China, 2007-2010. Arch Virol 2012; 157: 2417-2424.

Vinjé J, Koopmans MP. Molecular detection and epidemiology
of small round-structured viruses in outbreaks of gastroenteritis
in the Netherlands. J Infect Dis 1996; 174: 610-615.

26.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar
S. MEGA5: molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum
parsimony methods. Mol Biol Evol 2011; 28: 2731-2739.

27.

Hall T. BioEdit Version 7.2.5 Biological sequence alignment
editor for Win95/98/NT/2K/XP/7. 2005; Carlsbad, CA: Ibis
Biosciences.

12.

13.

14.

Caddy S, Breiman A, le Pendu J, Goodfellow I. Genogroup IV
and VI canine noroviruses interact with histo-blood group
antigens. J Virol. 2014; 88: 10377-10391.
Mattison K, Shukla A, Cook A, Pollari F, Friendship R, Kelton
D, Bidawid S, Farber JM. Human noroviruses in swine and
cattle. Emerg Infect Dis 2007; 13: 1184-1188.

965

TİMURKAN et al. / Turk J Med Sci
28.

Donaldson EF, Lindesmith LC, Lobue AD, Baric RS. Norovirus
pathogenesis: mechanisms of persistence and immune evasion
in human populations. Immunol Rev 2008; 225: 190-211.

29.

Rabenau HF, Stürmer M, Buxbaum S, Walczok A, Preiser W,
Doerr HW. Laboratory diagnosis of norovirus: which method
is the best? Intervirology 2003; 46: 232-238.

30.

Guo Z, Huang J, Shi G, Su CH, Niu JJ. A food-borne outbreak of
gastroenteritis caused by norovirus GII in a university located
in Xiamen City, China. Int J Infect Dis 2014; 28: 101-106.

31.

Morillo SG, Timenetsky Mdo C. Norovirus: an overview. Rev
Assoc Med Bras 2011; 57: 462-467.

32.

da Silva LD, Rodrigues EL, de Lucena MS, de Lima IC, Oliveira
Dde S, Soares LS, Mascarenhas JD, Linhares Ada C, Gabbay
YB. Detection of the pandemic norovirus variant GII.4 Sydney
2012 in Rio Branco, state of Acre, northern Brazil. Mem Inst
Oswaldo Cruz 2013; 108: 1068-1070.

33.

Bruggink LD, Oluwatoyin O, Sameer R, Witlox KJ, Marshall
JA. Molecular and epidemiological features of gastroenteritis
outbreaks involving genogroup I norovirus in Victoria,
Australia, 2002-2010. J Med Virol 2012; 84: 1437-1448.

34.

Ao YY, Yu JM, Li LL, Jin M, Duan ZJ. Detection of human
norovirus GIV.1 in China: a case report. J Clin Virol 2014; 61:
298-301.

35.

Vega E, Barclay L, Gregoricus N, Shirley SH, Lee D, Vinje J.
Genotypic and epidemiologic trends of norovirus outbreaks in
the United States, 2009 to 2013. J Clin Microbiol 2014; 52: 147155.

966

36.

Gomes KA, Stupka JA, Diana A, Parra GI. Molecular
characterization of calicivirus strains detected in outbreaks of
gastroenteritis occurring in Argentina during 2005 and 2006.
Rev Argent Microbiol 2008; 40: 222-228.

37.

Svraka S, Duizer E, Vennema H, de Bruin E, van der Veer
B, Dorresteijn B, Koopmans M. Etiological role of viruses in
outbreaks of acute gastroenteritis in The Netherlands from
1994 through 2005. J Clin Microbiol 2007; 45: 1389-1394.

38.

Reuter G, Krisztalovics K, Vennema H, Koopmans M, Szucs
G. Evidence of the etiological predominance of norovirus
in gastroenteritis outbreaks-emerging new-variant and
recombinant noroviruses in Hungary. J Med Virol 2005; 76:
598-607.

39.

Martínez A, Torner N, Broner S, Bartolomé R, Guix S, de Simón
M, Godoy P, Moreno A, Company M, Balanyà PJ. Norovirus:
a growing cause of gastroenteritis in Catalonia (Spain)? J Food
Prot 2013; 76: 1810-1816.

40.

Mäde D, Trübner K, Neubert E, Höhne M, Johne R. Detection
and typing of norovirus from frozen strawberries involved in a
large-scale gastroenteritis outbreak in Germany. Food Environ
Virol 2013; 5: 162-168.

41.

Bank-Wolf BR, König M, Thiel HJ. Zoonotic aspects of
infections with noroviruses and sapoviruses. Vet Microbiol
2010; 140: 204-212.

